Infrared spectrophotometry is rapidly assuming an important place in the biological sciences. Its value derives from the fact that each organic compound has a characteristic and distinct infrared spectrum that can be used to identify it (Randall et al., 1949) . The biologist working with cells or tissues is confronted by a highly complex mixture of substances. The infrared spectrum of a cell, therefore, represents only an over-all chemical composition. It cannot, because of the complexity of the mixture, be interpreted quantitatively in terms of individual compounds. On the other hand, this method is simple, rapid, and versatile. It has been applied to tissues and cells without preliminary treatment other than drying by Barer, Cole, and Thompson (1949) , Blout and Mellors (1949) , and Schwarz et al. (1951) . Randall, Smith, Colm, and Nungester (1951) have demonstrated the reproducibility of infrared spectra of chloroform extracts of tubercle bacilli and have indicated their usefulness in the control and development of fractionation procedures.
Whole bacterial cells have been examined by Stevenson and Bolduan (1952) who showed that many species of bacteria were sufficiently varied in chemical composition to be differentiated by their infrared spectra. This paper represents a continuation of their work with emphasis on enteric bacteria.
MATERIALS AND METHODS
Bacteria are harvested by scraping the surface of agar plates or by centrifuging broth cultures. Since water absorbs strongly in the infrared region, the organisms must be spread and dried on the surface of silver chloride disks. Gla#s and quartz are not useful as sample holders because of their infrared absorption. Spectra are obtained from a double beam, direct recording infrared spectrophotometer (Baird), using a sodium chloride prism as the dispersing element. In most cases, it is sufficient to record the spectrum from 5 to 12 microns (u) since this is the most distinctive region, although the range from 2 to 16 p& is available on this instrument.'
Since the absolute transmission values at any point of the spectrum depend on several factors, including the absorption of the silver chloride disk, the film thickness, scattering of light and specific absorptions, these values are disregarded in favor of a consideration of the shape and relative depths of bands. The shape of the spectrum depends only on specific absorptions and is determined by the relative quantities of the many organic compounds present in the bacterial cells. Disintegration of the cells by sonic vibration does not change the spectrum.
RESULTS
Figure 1 presents the infrared spectrum from 2 to 15 p of a dried film of Escherichia coli harvested from nutrient agar (Difco). Certain of the absorption bands can be ascribed to definite chemical groupings. These include 0-H and N-H at 3 A, C-H at 3.4 and 6.9 is, C=O at 6.05 ,X, and C-N at 6.45 , (Randall et al., 1949 (Smith, 1938) , and such a loss could account for the observed attenuation.
Following the procedure of Schneider (1945) , cold trichloroacetic acid has been used to remove polysaccharides and acid soluble phosphorus Similarly, phenol extraction (method of Palmer and Gerlough, 1940) removes proteins and leaves a polysaccharide residue with a very similar spectrum (figure 2d).
Washing bacterial suspensions with water causes a slight attenuation of the 8.6 to 10 ; band. This effect is increased by heating. It is known that polysaccharide (unlike nucleic acid compounds, followed by hot trichloroacetic acid to extract nucleic acids. Infrared spectra (figure 2b) of the residues left by these treatments show, after the first stage, an attenuation of the 8.6 to 10 p band due to removal of polysaccharides and other acid soluble compounds.
Nucleic acids. (Belozersky, 1947) . Salmonella species grown on nutrient agar, glucose agar, and SS agar. Belozersky (1947) , Caspersson (1950) , and others have presented data to indicate that this is exactly the fate of nucleic acid as a culture ages.
Differentiation of enteric bacteria by means of infrared spectra. Stevenson and Bolduan (1952) Figure 4 shows the spectra (from 7 to 12 p) of Salmonella paratyphi and S. typhosa grown on plain nutrient agar and on the same medium with 1 per cent glucose. The spectra of both organisms grown on nutrient agar are identical. On glucose agar, however, changes appear which are more marked in the case of S. paratyphi. Since the type and extent of the ensuing changes are not the same in all organisms, they can be used for the study of species differences and presumably for identification. These changes vary with age of culture as demonstrated by the last two spectra of figure 4. The small absorption band at 8.65 p and the changes of shape between 9.2 and 9.7 p are considerably more evident after 3 days.
The biochemical explanation of these observations is not immediately evident. It appears unlikely that these spectral effects are due to the inclusion of glucose in the bacterial growth either by simple diffusion or by mechanical means during the harvesting procedure. The different rates of occurrence of these changes among different organisms and the slowly increasing spectral changes with age could not be explained by diffusion or mechanical inclusion. In addition, almost identical effects are produced by concentrations of glucose ranging from 0.1 to 3 per cent, and these effects are not removed by washing the organisms with water. The addition to the growth medium of utilizable carbohydrates other than glucose also produces changes in the spectrum of bacteria. On the other hand, a nonutilizable sugar (like lactose in the case of SalmoneUa species) never produces any effect on the spectrum.
DISCUSSION
Interpretation of infrared spectra of complex mixtures like bacterial cells is exceedingly difficult. The fact that pure nucleic acids absorb strongly at 8 p and that nucleic acids and polysaccharides both have strong bands between 9 and 10 p does not necessarily prove that they are responsible for the corresponding bands of the spectrum of whole bacterial cells. For example, it has been pointed out that the absorption spectrum of a substance contained in a cell may be influenced by interaction with neighboring molecules, and that several different substances may coincidently absorb at the same wavelength (Danielli, 1946 
SUMMARY
The value of infrared spectrophotometry in the study of bacteria is demonstrated. Evidence is presented, based on the infrared spectra of bacterial extracts and fractions, to indicate that the 8.0 to 8.1 band of the whole bacterial spectrum is due in large part to nucleic acid. The broad band from 8.6 to 10.0 is apparently due to both nucleic acids and carbohydrates.
The infrared spectra of Aerobacter, Escherichia, SalmoneUa, and Shigella species are presented and the possibilities for differentiating them are indicated.
The effect on the spectrum of variation in the growth medium is demonstrated. Evidence is presented to indicate that the spectral changes due to growth on glucose agar are related to a metabolic process.
